ABSTRACT -This paper deals with the realization of micro-electro-mechanical (MEM) components dedicated to microwave and millimeter-wave applications and focuses on the advantage of using bulk silicon micro-machining. The silicon substrate etching benefits have been demonstrated through both electromagnetic simulations and measurements of a single MEM switch. Important improvements in term of insertion loss and isolation have been obtained. Further developments in term of distributed switches are addressed.
I. INTRODUCTION
In order to satisfy the future communication systems requirements, new components such as Micro-Electro-Mechanical Systems (MEMS) are nowadays investigated. In the opposite of structures based on the use of active devices, microwave MEMS feature very low insertion loss and power consumption, no problem of linearity, distortion or intermodulation. These kinds of structures would also accommodate high switching power. Nevertheless, all the previous MEM switches already published [1] [2] [3] [4] are limited in term of isolation. In order to improve this performance together with the insertion loss reduction, we have investigated the use of a bulk micro-machining of our silicon substrate to get suspended circuits on membrane.
In this paper, we firstly address (section II) the basics of MEMs switches achieved through a technology based on both surface and bulk micromachinings of silicon. Section III describes the design methodology that has been implemented to synthesize single switches. In section IV, both simulated and measured results obtained on a single micro-machined switch are discussed and compared with respect to those obtained on an other switch processed on a bulk high resistivity silicon (HRS The corresponding technological process involves a real challenge, as both surface and bulk micro-machinings are required. The surface micromachining is needed to obtain the movable air bridges, whereas the bulk micro-machining of the silicon substrate is used to get circuits with low insertion losses. To avoid any DC short in the OFF state, a dielectric layer deposited on the CPW signal line beneath the bridge is required. Details of the technological process could be found in [5] [6] .
Next section will focus on the methodology used to design MEM switches.
III. SWITCH DESIGN METHODOLOGY
To design a MEM switch [7] , we can consider its simplified electrical equivalent model shown in figure 2. When the bridges are up, Cb is small and it translates into a finite value of Zc that depends also on the CPW dimensions. To achieve the best transmission in this state, Zc has to be equal to the reference impedance (chosen here as to be 75 Q). A detailed investigation of the MEM bridge electrical behavior is consequently needed to determine its capacitor.
To that end, an equivalent RLC circuit [4] model has been used. Electromagnetic simulations (using SONNET . and its air bridge simulation capabilities) have provided us with the electrical elements of the model for different dimensions of bridges and coplanar lines. An electrical simulation and optimization (using ADSTM) was finally completed to get the appropriate dimensions of the bridge and of the CPW.
Next section will be dedicated to some comments on the electromagnetic simulations and on the measurements performed on single bridges. Figure 4 . Current density view of a MEM bridge on a suspended membrane
As expected, almost all the signal is shorted when the bridge is down (the current is dramatically reduced at the right end of the picture) and most of the current density is localized along the sides of the coplanar slots on the left side. It is therefore expected that a MEM structure on bulk substrate will feature a better performance in term of isolation than a bulk micromachined one. In fact, the micro-machining of the substrate reduces the input-output coupling through the substrate and thus increases the isolation. To verify this expectation, we have processed two single bridges (with and without bulk micromachining) and measured them in the ON and OFF states.
The measured data in the OFF state of the bridge are reported in figure 6 . It can be observed that the isolation obtained for the micro-machined structure is 28 dB at l0GHz compared to only 23 dB for the bridge on HRS.
When no voltage is applied on the central conductor of the line ('ON' state), the obtained insertion losses are very small, especially in the case isolation in excess of 50 dB d,25GHz which is of the suspended circuit. At 10 GHz, the insertion impossible to achieve with usual switches on bulk loss is 0.025 dB only for the circuit on membrane, substrate or with active devices. whereas the bridge on HRS exhibits a 0.33 dB We can also observe that the isolation level of insertion losses (tan 6 0.018).
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